Context. Extremely metal-poor (EMP) stars in the halo of the Galaxy are sensitive probes of the production of the first heavy elements and the efficiency of mixing in the early interstellar medium. The heaviest measurable elements in such stars are our main guides to understanding the nature and astrophysical site(s) of early neutron-capture nucleosynthesis. Aims. Our aim is to measure accurate, homogeneous neutron-capture element abundances for the sample of 32 EMP giant stars studied earlier in this series, including 22 stars with [Fe/H] < −3.0. Methods. Based on high-resolution, high S/N spectra from the ESO VLT/UVES, 1D, LTE model atmospheres, and synthetic spectrum fits, we determine abundances or upper limits for the 16 elements Sr, Y, Zr, Ba, La, Ce, Pr, Nd, Sm, Eu, Gd, Dy, Ho, Er, Tm, and Yb in all stars. Conclusions. These results demonstrate that a second ("weak" or LEPP) r-process dominates the production of the lighter neutron-capture elements for [Ba/H] < −2.5. The combination of very consistent [α/Fe] and erratic [ncapture/Fe] ratios indicates that inhomogeneous models for the early evolution of the halo are needed. Our accurate data provide strong constraints on future models of the production and mixing of the heavy elements in the early Galaxy.
Introduction
In cold dark matter models for hierarchical galaxy formation, the very first generation of metal-free (Population III) stars are thought to be born in sub-galactic fragments of mass M > 5 10 5 M ⊙ (Fuller & Couchman 2000; Yoshida et al. 2003; Madau et al. 2004 ). Recent models of primordial star formation (Abel et al. 2000; Bromm 2005) suggest that these stars were very massive (M > 100M ⊙ ), although substantial uncertainties remain. It is likely that none of these stars survives in the Galaxy today. However, this first generation of stars left imprints of its nucleosynthetic history in the elemental abundance patterns of the most metal-poor lower-mass stars that we can observe at present. Detailed chemical analyses of the most metal-poor stars can therefore provide insight into the synthesis of the first heavy elements and how efficiently they were mixed and incorporated in later stellar generationsi.e. how large spiral galaxies such as our own were first assembled.
In Paper V of this series ), we confirmed the existence of relatively uniform α-element overabundances in 32 very metal-poor halo giants down to [Fe/H]≃ −4.2, as expected for material enriched by massive progenitors. The very small dispersion in [α/Fe] showed that previous findings of significant scatter in [α/Fe] and [Fe-peak/Fe] at low metallicity were due to problems in the data and/or analyses (low S/N, uncertain stellar atmospheric parameters, combinations of data using different line lists, different analysis techniques, etc.). The results of Paper V thus suggested that mixing of the ISM in the early Galaxy was quite efficient.
In contrast, the neutron-capture elements have been found to behave very differently (Molaro & Bonifacio 1990; Norris et al. 1993; Primas et al. 1994) . For example, the [Ba/Fe] and [Sr/Fe] ratios are found to be generally below solar for stars with [Fe/H] < −2.5 (McWilliam et al. 1995; Ryan et al. 1996; McWilliam 1998) , but the trends with metallicity differ from one element to another. Moreover, several [n-capture/Fe] ratios exhibit a large spread at low metallicity (McWilliam et al. 1995; Ryan et al. 1996; McWilliam 1998) , as confirmed recently by Christlieb et al. (2004) and Barklem et al. (2005) from a large sample of very metal-poor stars.
The detailed abundance ratios between the neutroncapture elements are our best diagnostics of the processes that synthesised these elements in the earliest stars. The detailed characteristics of the dispersion of these ratios around the mean relations (amplitude, change with metallicity, etc.) are also our most important diagnostics of the efficiency of mixing in the early ISM.
As in Paper V, we therefore want to determine, from high-quality spectra analysed in a consistent manner, the precise abundance relations between the main groups of neutron-capture elements seen in the most metal-poor stars and quantify the scatter around these mean relations. For this, we select the same sample of very metal-poor halo giants as discussed earlier in the "First Stars" project, using the same spectra, atmospheric parameters, and analysis techniques as before.
Throughout this paper we will use the designations Very Metal-Poor (VMP), Exrtremely Metal-Poor (EMP), and Ultra Metal-Poor (UMP) for stars with metallicities −3 <[Fe/H]< −2, −4 <[Fe/H]< −3, and [Fe/H]< −4, respectively ). We will not discuss the Carbon-Enhanced Metal-Poor (CEMP) stars, many of which exhibit peculiar abundances and may be binary systems (Lucatello et al. 2004, and in preparation) .
Observations
The observations were performed during several observing runs in 1999 and 2000 at the VLT-Kueyen telescope with the high-resolution spectrograph UVES (Dekker et al. 2000) . Details of these observations and the spectrograph settings were given in Paper V, which also provided abundances of the lighter elements for the same sample of stars as studied here.
The spectra were reduced using the UVES package within MIDAS, which performs bias and inter-order background subtraction (object and flat-field), optimal extraction of the object (above sky, rejecting cosmic-ray hits), division by a flat-field frame extracted with the same weighted profile as the object, wavelength calibration, rebinning to a constant wavelength step, and merging of all overlapping orders. The spectra were then added and normalized to unity in the continuum.
Because UVES is so efficient in the near UV, we achieve typical S/N ratios per resolution element of 50 or more at 350 nm. Thus, the weak lines from the heavy elements become measurable even in the EMP stars of our sample; most previous studies were based on spectra of substantially lower quality.
Abundance analysis
As described in Paper V, a classical LTE analysis of our spectra was carried out, using OSMARCS model atmospheres (Gustafsson et al. 1975; Plez et al. 1992; Edvardsson et al. 1993; Asplund et al. 1997; Gustafsson et al. 2003) . Abundances were determined with a current version of the turbospectrum code (Alvarez & Plez 1998) , which treats scattering in detail. Solar abundances were adopted from Grevesse & Sauval (2000) . Line detection and equivalent-width measurement was first carried out with the line list of the appendix of Paper I (Hill et al. 2002) and the automatic code fitline, which is based on genetic algorithms. As most of the lines are weak and located in crowded spectral regions, this turned out to be less than optimal, so we decided to determine the abundances by fitting synthetic spectra to all visible lines (and therefore do not list individual measured equivalent widths here).
It soon became clear that establishing upper limits for the abundances of many of the heavy elements could also be useful, even when no line from the strongest predicted transition could be detected. These upper limits were computed by comparing the synthetic and observed spectra, and changing the abundance until the computed strength of the line was of the same order as the noise in the observed spectrum.
All the measured abundances and upper limits are given in Tables 3-5 and shown in detail in Figs. 6-9.
Atmospheric parameters
The procedures employed to derive T eff , log g, and microturbulent velocity estimates v t for our stars were described in detail in Paper V (Sect. 3). In summary, T eff is derived from broadband photometry, using the Alonso et al. (1999) calibration. The surface gravity is set by requiring that the Fe and Ti abundances derived from neutral and singly ionised transitions be identical. Micro-turbulent velocities are derived by eliminating the trend in abundance of the Fe I lines as a function of equivalent width. Table 1 lists the atmospheric parameters adopted from Paper V. Grevesse & Sauval (2000) have not been corrected for the changes introduced by these corrections, as they are small and only affect some of the transitions in each element. Table 2 lists the computed errors in the heavy-element abundance ratios due to typical uncertainties in the stellar parameters. These errors were estimated by varying T eff , log g, and v t in the model atmosphere of BS 17569-049 by the amounts indicated; other stars of the sample yield similar results. As will be seen, errors in the basic parameters largely cancel out in the abundance ratios between elements in similar stages of ionization and with similar excitation potentials.
Error budget
The In the Solar System, the abundances of Sr, Y, and Zr are dominated by s-process production (Arlandini et al. 1999) . A small fraction of these elements can be produced by the weak s-process (Prantzos et al. 1990) , but this process is not expected to be efficient at the low metallicities observed in our sample. Fig. 1 Honda et al. (2004) , together with data selected from earlier papers (Ryan et al. 1991; Norris et al. 2001; Gratton et al. 1987; Gilroy et al. 1988; Gratton et al. 1988; Gratton & Sneden 1991; Edvardsson et al. 1993; Gratton & Sneden 1994; McWilliam et al. 1995; Carney et al. 1997; Nissen & Schuster 1997; McWilliam 1998; Stephens 1999; Burris et al. 2000; Fulbright 2000; Carretta et al. 2002; Johnson & Bolte 2002) . Only results based on high-resolution, high-S/N spectroscopy are shown here; thus we do not include the recent lower-S/N data by Barklem et al. (2005) . 
Strontium
Strontium is a key element for probing the early chemical evolution of the Galaxy, because its resonance lines are strong and can be measured even in stars with metallicities as low as [Fe/H] = −4.0. For most of our stars, only the resonance lines at 4077.719Å and 4215.519Å are visible in our spectra.
We adopt the gf values from Sneden et al. (1996) and confirm the large underabundance of Sr in EMP stars reported e.g. by Honda et al. (2004) . It has long been realized that the [Sr/Fe] ratio exhibits very high dispersion for stars with [Fe/H] ≤ −2. 8 (McWilliam et al. 1995; Ryan et al. 1996) , and we confirm this as well. As typical errors in the [Sr/Fe] ratio are no more than a few tenths of a dex at worst, this large spread (over 2 dex) cannot be attributed to observational errors; see, e.g., Ryan et al. (1996) . (10) 
The [Y/Sr] ratio
If two elements are formed by the same process, their ratio should not vary with metallicity, and the dispersion around the mean value should yield a good estimate of the errors on the abundance determinations. Fig. 2 Johnson & Bolte (2002) (Fig. 5) , appears to show an anticorrelation between [Y/Sr] and [Sr/H] -a result that needs confirmation as some of the data points are upper limits only. This is not seen in the data set of Honda et al. (2004) , as the range of Sr abundances in their sample is fairly small. 
General features of the first neutron-capture peak elements
The first-peak elements are known to have a more complex origin than the heavier neutron-capture elements like Ba or Eu, which are only produced by the "main" components of the r-and s-processes. In solar-type material, Sr, Y and Zr are formed in the "main" s-process, but at lower metallicity the "weak" s-process ) also contributes.
In our EMP stars, we expect a pure r-process origin for the neutron-capture elements, and we wish to explore the nature of those processes in more detail. Only stars with data for all three elements are included, which limits the sample towards the lowest metallicities). We find a clear increase in the dispersion of this ratio with decreasing metallicity. Note also that the two most metalpoor stars ([Fe/H] ≃ −3.5) in Fig. 3 are nearly one dex below the solar value, reflecting the strong deficiency of all three elements in the most metal-poor stars.
Because Fe and the neutron-capture elements form under quite different conditions, it may be more informative to study their abundances as functions of another heavy element. The strong resonance lines of Ba can be measured in stars down to almost [Fe/H] = −4.0, so we select Ba as our alternative reference element. Fig. 4 shows the mean [<Sr+Y+Zr>/Ba] ratio as a function of [Ba/H]. We find a striking, tight anti-correlation, especially for stars below [Ba/H] ≃ −2.5), which may indicate that another nucleosynthesis process produces the light neutron-capture elements preferentially at low metallicity. We discuss this point more fully in Sect. 5.2. Johnson & Bolte (2002) , Honda et al. (2004) , and data selected from earlier literature. These data enable us to discuss the nature of the early r-process nucleosynthesis in considerable detail.
As noted above, Ba is a particularly interesting element, in part because the resonance lines are strong enough to be measured in all but two of our stars and permit us to explore mean trends and scatter amongst the neutroncapture elements down to [Fe/H] = −4.2; see Fig. 10 . All our abundance results for Ba have been derived assuming the isotopic composition corresponding to the r-process (McWilliam 1998).
In the metallicity range −2.5 to −3.0, we confirm the very large dispersion in [Ba/Fe] . Abundance patterns for the neutron-capture elements in our sample. The full line shows the Solar-system r-process abundance pattern from Arlandini et al. (1999) , scaled to match the observed abundance of Ba in each star.
The greatest scatter in [Ba/Fe] (a factor of 1000) occurs in the metallicity range −3.2 ≤ [Fe/H] ≤ −2.8. Thus, if the Ba and Fe in these stars was created by the same class of progenitor objects, their yields would have to vary by a similarly large factor, whatever model of chemical evolution for the early Galaxy one adopts. The yield of Ba could be extremely metallicity-dependent or, perhaps more likely, the early production of Ba and Fe was not correlated with each other, and Ba and Fe were produced in different astrophysical sites, as suggested by Wanajo et al. (2001, and references therein) .
As Fig. 10 . CS 22892-052, CS 31082-001, the eight new r-II stars found by Barklem et al. (2005) , and the most recent discovery HE 1523-0909 (Frebel et al. 2007 ), all fall in this range. It is interesting that both CS 22892-052 and CS 31082-001 fit into the same region of Fig. 10 as the "normal" (non-r-II) stars (albeit at the very upper limit), so these extreme r-II stars are not exceptional as far as the [Ba/Fe] ratio is concerned.
Like Ba, both La and Ce are primarily due to the sprocess at solar metallicity. For La and Ce, we can determine abundances for stars with [Fe/H] > −3.0, but only upper limits for the more metal-poor stars. It is interesting, however, that we find the same increase of the scatter with declining metallicity in the range −3.2 < [Fe/H] Fig. 8 . As Fig. 6 , for the next 8 stars.
< −2.0 for La and Ce as for Ba. As this is also seen in the data from Honda et al. (2004) and earlier literature (see Fig. 10 ), there is little doubt as to its reality. Eu, Gd, and Dy are elements that are produced primarily by the r-process, also in Solar-system material (93%, 84%, and 87%, respectively, according to Arlandini et al. (1999) ). Figure 12 shows that they behave similarly to the other elements of the second neutron-capture peak and dis- Finally, Figure 13 shows our results for Ho, Er, and Tm, also produced almost exclusively in the r-process. Very few previous results exist for these three elements, which we find to be generally overabundant, as also reported by Honda et al. (2004) for Er and Tm. Once more, the large 
Discussion
Our accurate, detailed, and homogeneous abundance data for the neutron-capture elements in a large sample of VMP and EMP stars enables us to address two important questions regarding the first stages of heavy-element enrichment in the Galaxy: (i): The nucleosynthesis process(es) that formed the first heavy elements, and (ii): the efficiency with which the newly synthesised elements were incorporated in the next generation(s) of stars, including those that have survived until today. We discuss each of these in turn in the following.
Diagnostics of the r-process(es) in EMP stars
We begin by repeating the classical Truran (1981) test of the relative weight of the r-and s-process as a function of metallicity. Ba and La are produced mostly by the "main" s-process in Solar-metallicity stars (92% and 83%, respectively, according to Arlandini et al. (1999) , but in EMP stars they should be due to the r-process. Fig. 14 panels indicate the Solar-system r-process abundance ratios (Arlandini et al. 1999) .
Our [Eu/Ba] ratios do cluster around the Solar-system r-process value at low metallicity, but a substantial scatter remains. Some of this may be due to the Ba data because of the broad hyperfine structure of the Ba lines: If the mix of Ba isotopes in the star is different from that assumed in the synthetic spectrum, the fit to the observed spectrum may be less stable than for single-component lines. Indeed, the [Eu/La] ratios exhibit substantially smaller dispersion at all metallicities, demonstrating that the scatter in [Eu/Ba] is essentially due to the Ba, not the Eu abundances. Together, the two panels of Fig. 14 confirm that the neutron-capture elements in EMP stars were produced predominantly or exclusively by the r-process.
Given the large scatter of the [n-capture element/Fe] ratios as functions of [Fe/H] (Figs. 1 and 10 -13) , we proceed to compare elemental abundances within the neutroncapture group itself in the following. As noted earlier, we choose Ba as the reference element because data are available for nearly all our stars. the same relation as the "normal" stars. In particular, we find no stars that are both Sr-poor and Ba-rich, as suspected already by Honda et al. (2004) ; however, such cases are found among the C-enhanced metal-poor (CEMP) stars (Sivarani et al. 2006 This might indicate that the additional production channel for Sr, Y, and Ba discussed below may not operate in the very first stellar generations. However, the sample is very small (these are among our most metal-poor stars, with [Fe/H] < −3.2), and more reliable measurements of Sr, Y, and Zr in stars with low [Ba/H] will be needed for a definitive conclusion.
Synthesis of the first-peak elements
The diagrams discussed above amply demonstrate that not all the neutron-capture elements in metal-poor stars were produced by a single r-process, as discussed by Travaglio et al. (2004, and references therein) ; an additional process must contribute preferentially to the production of the first-peak elements in VMP/EMP stars, previously called the "weak" r-process; we will discuss below the aptness of this term. Travaglio et al. (2004) explored the issue by following the Galactic enrichment of Sr, Y, and Zr using homogeneous chemical evolution models. They confirmed that a process of primary nature (r-process) is required to explain the observed abundance trends, argued that massive stars were the likely sites as these elements occur at very low metallicity, and coined the term "Lighter-Element Primary Process" (LEPP) for it. However, regardless of nomenclature, the actual process, site, or progenitor stars have not been identified. Cescutti et al. (2005) came to similar conclusions, based on the behavior of Ba and Eu. They confirmed the need for a primary source to explain the behaviour of [Ba/Fe] vs. [Fe/H] and suggested that the primary production of Eu and Ba is associated with stars in the mass range 10-30 M ⊙ . Ishimaru et al. (2004) computed the evolution of [Eu/Fe], using inhomogeneous chemical evolution models with induced star formation, and concluded that the observations implied that the low-mass range of supernovae were the dominant source of Eu.
The observations shown in Fig. 15 clearly cannot be explained by single r-process. The trends suggest the existence of three different regimes: (Arlandini et al. 1999) metallicity range in which all the highly r-process enriched metal-poor stars are have been found so far -the r-II stars as defined by .
It appears from these plots, and from the great uniformity of the r-process element patterns in the r-II stars observed so far, that the main r-process dominates the total abundance pattern of the heavy elements once they have been enriched beyond the level of [Ba/H] ≥ −2.5. At levels up to 2 dex below this threshold, another process contributes increasingly to the production of the first-peak elements Sr, Y, and Zr. We want to clarify the properties of this process as independently of the main r-process as possible.
To do so, we have computed the mean residuals of Sr, Y, and Zr in each of our stars from the Solar-system r-process abundance pattern of Arlandini et al. (1999) as shown in Figs. 6-9. Thus, these abundance residuals should represent the pure production of the unknown process, free of interference from the main r-process.
The result is shown in Fig. 16 and shows that, far from being "weak", the LEPP is responsible for 90-95% of the total abundance of these elements at [Ba/H] ≃ −4.3, where the [<Sr,Y,Zr>/Ba] ratio may split into two branches, as suggested on theoretical grounds by Ishimaru & Wanajo (1999) and Ishimaru & Wanajo (2000) . One would surmise that qualitative differences in neutron exposure or the nature of the available seed nuclei in the most extreme metal-poor stars could cause such differences. E.g., Qian & Wasserburg (2007) propose that the first-peak elements (Sr, Y, Zr) are formed by charged-particle reactions in the so-called α-process (Woosley & Hoffmann 1992 ) in all supernovae, while heavy r-process elements would form only in low-mass SNe with O-Ne-Mg cores and iron only in high-mass SNe. The corre-lation shown in Fig. 16 would appear difficult to reconcile with this otherwise interesting scenario.
As an alternative, a new nucleosynthesis process (the νp-process) has been proposed very recently by Froehlich et al. (2006) . This process should occur in corecollapse supernovae and would allow for the nucleosynthesis of nuclei with mass number A > 64.
Heavy-element enrichment in the early Galaxy
The scatter in the observed abundance ratios are an indication of the efficiency of mixing in the ISM in the era before the formation of the oldest stars we can observe today. The results so far are contradictory.
In Paper V, we demonstrated that the [α/Fe] ratios in the EMP giant stars of our sample exhibit very little scatter beyond the observational uncertainty. The great uniformity in the [α/Fe] ratios of metal-poor stars has recently been demonstrated in more limited samples of turnoff (dwarf) stars also by Cohen et al. (2004) , Arnone et al. (2005) , and Spite et al. (2005) and will be further discussed in the next paper of this series (Bonifacio et al., in preparation) . These results are clearly inconsistent with current inhomogeneous chemical evolution models, which predict a scatter of order 1 dex for such elements (Argast et al. 2002) .
As emphasized by Argast et al. (2002) , the initial scatter of a given element ratio, [X/Fe] , is determined by the adopted nucleosynthesis yields. The details of the chemical evolution model will then determine how fast a homogeneous ISM is achieved through mixing of the enriched regions. The results of Paper V indicated that, in order to reproduce the observed low scatter in [α/Fe], the galactic chemical evolution model must employ yields of [α/Fe] with little or no dependence on the mass of the progenitor. In homogeneous chemical evolution models (François et al. 2004 ), instantaneous mixing is assumed and more variation in the yield can be allowed, because it is integrated over the different stellar masses as the galaxy evolves.
As the number of EMP stars with high-resolution, high S/N spectroscopy has increased, our ability to quantify the trends and scatter about such trends for individual elements has improved dramatically as well. In such studies, it is particularly important to use data sets that are reduced and analysed in as homogeneous a manner as possible, so as to minimise the influence of spurious "observer" scatter on the behaviours that one seeks to understand. It was a key goal of our project to produce such data sets.
Thus, Table 6 presents estimates of the observed scatter of the elemental ratios reported here, following the order of the figures presenting the information, but based exclusively on the stars analysed by ourselves. The first two columns in the table present the ordinates and abscissae corresponding to each of the figures. The number of stars considered in each range of abscissae listed in the table appears in the third column, while the range in the parameter under discussion is listed in the fourth column.
In order to obtain robust estimates of scatter, we must first de-trend the distributions of the observed ratios. This is accomplished by determination of robust locally weighted regression lines (loess lines), as described by Cleveland (1979 Cleveland ( , 1994 . Such lines have been used before in similar scatter analyses (see, e.g., Ryan et al. 1996; Carretta et al. 2002) . The scatter about these lines is then estimated by application of the biweight estimator of scale, S BI , described by Beers, Flynn, & Gebhardt (1990) 1 . The first entry in the last column of Table 6 lists this estimate. The quantities in parentheses in this column are the 1 − σ confidence intervals on this estimate of scatter, obtained from analysis of 1000 bootstrap resamplings of the data in each of the given ranges. In this listing, CL represents the lower interval on the value of the scatter, while UL represents the upper interval. These errors are useful for assessing the significance of the difference between the scales of the data from one range to another.
[Sr/Fe], [Y/Fe] , and [Zr/Fe] shows a similar increase of the scatter as the metallicity decreases, with a more pronounced effect for Sr. The mean ratio [<Sr+Y+Zr>/Fe] shows the same behaviour with a lower amplitude.
Large scatter is also seen in Ba and La, but its variation as a function of metallicity differs from the lighter elements. The dispersion found for Ba seems independent of metallicity, whereas the scatter of La appears much smaller for the most metal-poor stars. Ce, Pr and Nd show much smaller scatter again, in particular Ce for which we measure a biweight estimator of only 0.038 dex for the whole sample. Pr and Nd behave like La with smaller scatter for the most metal-poor stars.
Eu shows a rather high scatter, decreasing as the metallicity decreases. In contrast, Gd, Dy and Er follow the same behaviour as Sr, i.e. an increase in scatter as the metallicity decreases.
If we now consider the ratios [Eu/Ba] and [Eu/La] as a function of [Fe/H], the scatter is smaller by almost an order of magnitude, confirming the common origin of these elements. It is also noteworthy that the scatter is even smaller for the most metal poor metallicity bin.
Abundance scatter and inhomogeneous models of galactic chemical evolution
The apparently contradictory abundance results for the α-and various neutron-capture elements in VMP and EMP stars might be reconciled if the sites of significant r-process production were diverse and (some of them) rare. And we caution that r-II stars are rare: Barklem et al. (2005) estimate that they constitute roughly 5% of the giants with [Fe/H] < −2.0. The lower probability of finding them at metallicities below [Fe/H] ≃ −3.20 may introduce an artificial decrease of the observed scatter. The highly r-enriched (r-II) stars have all been found in a very narrow range around [Fe/H] = −2.9 (Barklem et al. 2005 ). Do we see the onset of a new process at this metallicity? Does this metallicity correspond to the typical metallicity of the building blocks of the halo, originating from systems of similar size (i.e. about the same metallicity) but with different chemical histories (IMF, fraction of peculiar supernovae), leading to a spread of [n-capture/Fe] but keeping an r-process signature. Did the stars with [Fe/H] < −3.5 form out of matter polluted by massive Pop III stars, which could mean that they are pre-galactic?
It is interesting to note how difficult it has been to find true UMP stars, i.e. stars with [Fe/H] < −4; in fact, only three are currently known Frebel et al. 2005; Norris et al. 2007) . In a standard closed-box model (François et al. 1990 ), we would expect to have found several more, if the IMF did not change substantially over time; however, the preferred scheme for the halo formation is an open model, where infall is invoked to explain this "UMP desert" (Chiappini et al. 1997 ).
In the context of an inhomogeneous model of chemical evolution of the Galaxy (Argast et al. 2002) , simulations show that the density of stars at [Fe/H] = −3.0 and [Fe/H] = −4.0 is of the same order (Argast et al. 2002, see their Fig. 7) . As a consequence, the paucity of UMP stars would require rather fine tuning of the mixing of supernovae ejecta into the ISM. However, Karlsson (2006) has suggested that, alternatively, the absence of UMP stars could be explained with a galactic chemical evolution model where star formation was low or delayed for a period after the formation and demise of the first generation of stars, due to heating of the ISM by their supernova explosions.
Another possibility is that stars in the inner and outer regions of the halo of the Milky Way may have rather different metallicity distribution functions (MDFs). From a kinematic analysis of a local sample of stars from the Sloan Digital Sky Survey, Carollo et al. (2007) argue that just such a dichotomy exists, with the MDF of the inner-halo stars peaking around [Fe/H] = −1.6, that of the outer halo around [Fe/H] = −2.2.
The magnitude-limited objective-prism surveys that have identified the most metal-poor halo stars to date may thus have been dominated by inner-halo objects. If so, simple models of Galactic chemical evolution that match the MDFs derived from such surveys may not provide adequate explanations for the formation of the Milky Way halo, nor for the detailed chemical composition of its most primitive stars.
Conclusions
This paper has presented accurate, homogeneous abundance determinations for 16 neutron-capture elements in a sample of 32 VMP and EMP giant stars, for which abundances of the lighter elements have been determined earlier (Paper V). Our data confirm and refine the general results of earlier studies of the neutron-capture elements in EMP stars, and extend them to lower metallicities. In particular, the sample of stars below [Fe/H] = −2.8 is increased significantly.
Our data show the [n-capture/Fe] ratios, and their scatter around the mean value, to reach a maximum around [Fe/H] ≃ −3.0. Below [Fe/H] ≃ −3.2, we do not find stars with large overabundances of neutron-capture elements relative to the solar ratio. We note, however, that the large "snapshot" sample of Barklem et al. (2005) These results confirm the need for a second neutron-capture process for the synthesis of the first-peak elements, called the "weak" r-process Qian & Wasserburg 2000; Wanajo et al. 2001) , LEPP process (Travaglio et al. 2004) , or CPR process (Qian & Wasserburg 2007) , or even an entirely new nucleosynthesis mechanism in massive, metal-poor stars (νp-process, Froehlich et al. (2006) . By subtracting the contributions of the main r-process, we show that this mechanism is responsible for 90-95% of the amounts of Sr, Y, and Zr in stars with [Ba/H] > −4.5. Below this value, the [Sr/Ba], [Y/Ba], and [Zr/Ba] ratios seem to return to the solar ratio, although the number of stars in this range is small.
As found earlier (Ryan et al. 1996; McWilliam 1998; Honda et al. 2004) , the [n-capture/Fe] ratios exhibit a much larger dispersion than can be attributed to observational errors, although the scatter in their [α/F e] and [Fe-peak/Fe] ratios as functions of [Fe/H] is very small. We discuss the implications of these apparently contradictory results on the efficiency of mixing of the primitive ISM in terms of homogeneous vs. inhomogeneous models of galactic chemical evolution.
